Objective: The aim of this study was to examine changes in health-related quality of life (HRQL) during the menopausal transition, controlling for chronological aging, symptoms, and other covariates.
H ealth-related quality of life (HRQL) has emerged as an important outcome in the evaluation of both function and disease progression among healthy and ill populations. HRQL generally denotes aspects of life most likely to be affected by changes in health status 1 and is often viewed as multidimensional and consisting of the following domains: physical health and functioning, emotional functioning, role limitations, and social functioning. According to the Wilson and Cleary 2 model, the impact of biological and physiological variables on HRQL can be mediated by symptoms and characteristics of the individual such as personality and psychological status and characteristics of the environment such as stress, economic, and social supports. This model suggests that symptoms associated with menopause and aging, as well as other psychological or environmental factors, may mediate the relationship between the menopausal transition and HRQL.
Menopause and/or its associated symptoms are often thought to have a negative impact on quality of life. 3, 4 However, among nonclinic samples of women, the impact of menopause on well-being or mood has been mixed. [5] [6] [7] [8] [9] [10] [11] [12] A few cross-sectional studies have looked at broader quality of life outcomes, 4, [13] [14] [15] [16] [17] [18] [19] [20] also with mixed results, although some studies report greater bodily pain and role limitations due to physical health. 21 Cross-sectional studies, however, are limited by their inability to examine HRQL changes over the menopausal transition.
Two longitudinal studies have examined HRQL changes during the menopausal transition 22, 23 with slightly different findings. Mishra et al 22 examined changes in Medical Outcomes Study Short-Form Health Survey (SF-36) scores at two time points for 2 years in 8,623 women participating in the Australian Longitudinal Study on Women's Health, aged 45 to 50 years at baseline. Analyses comparing SF-36 scores by transition category between the two time points (pre-pre, pre-peri, peri-peri, pre/peri-post, post-post) found that women who remained perimenopausal at both time points and women taking hormone therapy (HT) exhibited small but significantly greater declines on the physical health domains than women who remained premenopausal. Despite this large sample, only a small percentage of women transitioned from premenopause or perimenopause to postmenopause or remained postmenopausal at both time points owing to the young age of the women at baseline and the short follow-up.
Kumari et al 23 studied the impact of the menopausal transition on SF-36 scores among 2,489 women followed through the Whitehall II study, with a particular focus on symptoms. Age-adjusted results showed no impact of the menopausal transition on SF-36 scores, although women who reported vasomotor symptoms (VMS) or depression experienced large and significant declines. However, this study was not designed to focus on the menopausal transition, and because follow-up occurred only every 2.5 years, menopause status for many women could have been misclassified.
In the present study we used longitudinal data from the large multiethnic Study of Women's Health Across the Nation (SWAN) to examine changes in HRQL over the menopausal transition, controlling for symptoms and other covariates. All women were either premenopausal or early perimenopausal at baseline and were followed for six annual visits. With 7 years of data, this large cohort of 3,300 women at baseline provides the opportunity to examine changes in HRQL as women progress through the menopausal transition. We base our approach on the Wilson and Cleary model and hypothesize that symptoms associated with the menopausal transition are associated with changes in HRQL and that these symptoms can explain associations between changes in menopause status and HRQL. The research objectives of the present study address the following questions: (1) Does HRQL change over the course of the menopausal transition, adjusting for chronological aging? (2) What is the role of symptoms in predicting changes in HRQL over the transition? and (3) Does HRQL change over the menopausal transition, adjusted for other factors related to HRQL?
METHODS

Study population
SWAN is a multiethnic observational cohort study of the menopausal transition in 3,302 women at seven sites across the United States. 24 Each site recruited one minority population (African American, Hispanic, Chinese, or Japanese) and one white population from community-based samples. The details of enrollment have been previously reported. 24 Baseline eligibility criteria included the following: age 42 to 52 years, intact uterus and at least one ovary, no use of exogenous hormones affecting ovarian function in the past 3 months, at least one menstrual period in the previous 3 months, and self-identification with a site's designated racial/ethnic groups.
The baseline interview and six annual assessments were completed in a clinic setting where a portion of the protocol was administered by trained interviewers, and other questionnaires were self-administered. Common protocols were used at all sites. Instruments were developed based on the results of ethnically diverse focus groups to minimize language and cultural differences in understanding and responding to the questions. All study forms were available in English, Cantonese, Japanese, and Spanish, and bilingual staff was employed, as appropriate. Each site adhered to its institutional review board's guidelines for human research, with all participants giving written informed consent.
Measures
Health-related quality of life
The SF-36 was used to assess HRQL, using the original coding algorithm in which raw scores are transformed to a 0-100 range. 25 The SF-36 is a widely used generic HRQL measure yielding eight subscales, of which SWAN used the following five: bodily pain, role limitations due to physical health (role-physical), role limitations due to emotional problems (role-emotional), social functioning, and vitality. We did not include the physical functioning, mental health, or health perceptions subscales because these domains were covered by other study questionnaires, and we did not want to lengthen the protocol or have participants believe that we were repeating questions. For the Cantonese, Spanish, and Japanese versions of the SF-36, there were no validated versions available in 1996, and translations were prepared for the study (initial translation, back translation, and revision). All five SF-36 subscales were collected at baseline, follow-up visits 1 to 3, and follow-up visit 6. An abbreviated version that included only bodily pain and vitality was administered at visits 4 and 5. All available SF-36 data were used in analysis.
Some of the SF-36 subscales, especially role-physical and role-emotional, were not normally distributed. The role-physical scale has five possible scores (0, 25, 50, 75, and 100), and the role-emotional scale has four possible scores (0, 33, 67, and 100). Studies have found that these scores, along with the social functioning scale, are highly skewed, 13,25-28 with many respondents scoring 100. Because of these skewed distributions, Rose et al 28 recommended dichotomizing these scores. Because the SWAN cohort is a basically healthy group of women with high scores on the SF-36, we chose to follow these recommendations and dichotomize scores at the bottom percentile to focus on predictors of reduced function. We therefore dichotomized each outcome at the 25th percentile based on the women in our sample. We based the cut-point on our own sample because published norms for middle-aged women were based on smaller sample sizes than in SWAN and primarily on white women. 25 This cut-point was followed in our previous report of HRQL at baseline. 13 
Menopausal transition status
At each study visit, menopause status was classified as premenopausal, defined as menses in the previous 3 months with no change in menstrual regularity in the preceding year; early perimenopausal, as menses in the previous 3 months and changes in regularity in the past year; late perimenopausal, as no menses in the previous 3 months but menses in the previous 11 months; or postmenopausal, as 12 or more months of amenorrhea. 24 Women who underwent a bilateral oophorectomy (n = 119) were classified as surgically menopausal. Women who had a hysterectomy but not a bilateral oophorectomy before being classified as postmenopausal were considered to have unknown menopause status and were omitted from the time of surgery onwards (n = 80). Women who had a hysterectomy only following classification as postmenopausal remained classified as postmenopausal (n = 9). Because menopause status cannot be accurately determined once a woman begins HT, separate menopause status categories were created for women who started HT during the study. Women were classified as HT users from the first visit they reported using HT forward. Women who reported having taken HT in the previous 12 months were classified as current HT users, whereas women who were past users were classified as former HT users. Among premenopausal and perimenopausal women, HT use classification was irrespective of menopause status because once a woman begins HT use, menopause status cannot be determined.
Covariates
We were particularly interested in the contribution of symptoms to HRQL. Symptoms included in analyses were night sweats, and hot flashes, with frequency assessed in the past 2 weeks (never, 1-5 d, 6-14 d), and leaking urine in the past month (never, G 1 d per week, Q 1 d per week), and sleep disturbances. A total combined VMS score was used to indicate whether hot flashes and/or night sweats were experienced never, 1-5 days, or 6 or more days in the past 2 weeks. Poor sleep was ascertained through self-report and was defined as trouble falling asleep, waking up several times a night, or waking up earlier than intended at least three times per week in the previous 2 weeks.
Additional covariates were selected based on variables found to be significantly related to HRQL at study entry, as previously reported. 13 Sociodemographic variables included age, marital status, race/ethnicity, educational attainment, and difficulty paying for basics. Ethnicity was self-defined by respondents, in response to the open-ended question: BHow would you describe your primary racial or ethnic group?[ The responses were categorized as white, African American, Chinese, Hispanic or Japanese.
Medical conditions included self-reported past or current arthritis/osteoarthritis and migraines and were coded as yes or no. Physical activity was assessed based on frequency, intensity, and duration of sports, active living, and household/ child care activity engaged in during the past year. 29, 30 Psychosocial factors included perceived stress, stressful life events, and depressed mood. Perceived stress was measured by the Perceived Stress Scale. 31 A list of stressful events (eg, job related, money problems, and divorce) in the past 12 months was used to create a three-level variable for stressful life events: 0, 1, or 2 or more. Depressed mood was assessed using the Center for Epidemiologic Studies Depression Scale (CES-D). 32 
Statistical analysis
To determine if HRQL changes during the course of the menopausal transition, we examined the time period from baseline through the 6th year of follow-up. We first sought to describe the distributions of outcome variables and potential covariates. We obtained means, standard deviations, medians, interquartile ranges, and frequencies for these variables in our total population and by menopause status.
Longitudinal random-effects logistic regression models were then estimated using the xtlogit procedure in Stata (version 8; StataCorp, College Station, TX). Such models account for the correlation of repeated observations from each woman resulting from the longitudinal design. These models also permit women to contribute different numbers of observations and to remain in the model even if they do not have complete data for all follow-up visits. All models included a woman-specific random intercept, allowing us to provide a woman-specific interpretation. For example, for the logistic regression models, we can interpret the odds ratio (OR) as the odds of poor HRQL for a woman when she is early perimenopausal relative to when she is premenopausal.
Because of the importance of the effects of ethnicity and age on the relationship between HRQL and menopause status, we constructed base models including these variables in our initial analyses to address our first research question of whether HRQL is associated with menopause status, independently of chronological aging. To address our second research question on the role of symptoms, we then added symptoms to the base models. To obtain our multivariable models with other covariates, we began with the base models and then added other factors associated with HRQL in bivariate analyses (at P G 0.15) or identified in the literature as potential covariates. Menopause status, symptoms, health conditions, and measures of stress were treated as timevarying variables. Backward elimination (retaining variables with P G 0.05) was used to obtain a final parsimonious multivariable model. Lastly, we used the postestimation command Blincom[ (which calculates estimates for linear combinations of coefficients after an estimation command) to compute adjusted ORs for poor HRQL comparing specific status categories: early perimenopause as compared with premenopause, late perimenopause as compared with early The range for each scale is 0-100, where 0 is poor and 100 is good. b Note that all observations have been collapsed over all visits (baselinevisit 6), and women can therefore contribute multiple observations to each menopause status category. perimenopause, and postmenopause as compared with late perimenopause.
RESULTS
Sample characteristics
The SWAN cohort consists of 3,302 women. Of these women, we excluded 103 (3.1%) women who had had surgical menopause during follow-up and 256 (7.8%) who were missing all follow-up measurements of the SF-36. The analysis dataset consists of the remaining 2,943 women. Table 1 presents baseline characteristics of the analytic sample. By study design, almost half of the sample was white (47.8%), with the other half consisting of African American (27.4%), Hispanic (7.5%), Chinese (8.2%), and Japanese (9.1%) women. At baseline, 54% of the sample was premenopausal, and 46% was early perimenopausal; mean age of the sample was 46.4 years. Table 2 shows the number and percentage of women in each menopause status by visit. In longitudinal analyses, women could contribute up to seven observations. The numbers of observations by status are as follows: premenopausal, 3,356 (18.5%); early perimenopausal, 8,492 (46.9%); late perimenopausal, 1,238 (6.8%); postmenopausal, 1,982 (10.9%); current HT user, 2,154 (11.9%); and former HT user, 884 (4.9%). Table 3 provides descriptive data on the distribution of SF-36 scores for each domain for the overall sample and by menopausal transition status. Each SF-36 domain takes 28.5% Some scales do not have a large number of different possible values, causing a large number of ties. Therefore, dichotomizing each scale at the 25th percentile of the overall distribution does not leave exactly 25% of the analysis dataset in the Breduced functioning[ category. To provide a sense of what reduced functioning means, we looked at the item response patterns for women classified in the lowest 25th percentile for each domain. Women who scored at or below the 25th percentile for role-physical answered Byes[ to at least two of the four yes/no questions on whether their physical health affected various activities. For roleemotional, reduced-functioning women answered Byes[ to any of the three yes/no questions on whether emotional problems affected the amount of time spent on work or other activities, accomplishing less, or doing work or other activities more carefully. For bodily pain, more than 99% of the reduced-functioning women answered that they had at least moderate pain in the past 4 weeks. For social functioning, 95% of reduced-functioning women responded that their physical health or emotional problems interfered with social activities at least slightly. For vitality, 95% of reduced-functioning women responded that they were full of pep or had a lot of energy only some of the time or less in the past 4 weeks. SF-36, Medical Outcomes Study Short-Form Health Survey; HT, hormone therapy. a All observations have been collapsed over all visits (baseline-visit 6), and women can therefore contribute multiple observations to each menopause status category. on values from 0 (poor) to 100 (good). As seen in this table, there is little variation of scores by menopause status. Table 4 shows the percentage of women scoring at or below the 25th percentile and the domain score at which women were classified as having reduced functioning for each scale overall and by menopause status.
SF-36 domains by menopausal transition
HRQL adjusted for chronological age and aging
Our base model to examine the association of the menopausal transition and HRQL unadjusted for symptoms or psychosocial factors is shown in Table 5 . In these analyses, menopause status was significant for all domains; women had significantly greater odds of reduced functioning at early perimenopause, late perimenopause, or postmenopause than premenopause. Both current and former HT users also had greater odds of reduced functioning compared with when they were premenopausal. Baseline age was only related to vitality, role-emotional, and social function, with older women being less likely to have reduced functioning. Time was negatively related to lower functioning for all domains. To address whether improved functioning over time was due to biased sample attrition, we repeated our analyses in the subset of women who completed all SF-36 administrations from baseline through the last follow-up (n = 2,010). We then compared the estimates and P values from both the full and reduced samples to identify any differences in the results. Although this reduced sample had slightly better HRQL, the results for the full and reduced samples were approximately the same and did not explain the improvement in HRQL over time.
HRQL adjusted for symptoms and other variables
Our second objective was to determine the role of symptoms in predicting HRQL over the transition. Table 6 shows the results of adding symptoms (VMS, vaginal dryness, urine leakage, and poor sleep quality) to the base model. All symptoms were significantly positively related to reduced function on all five domains. With the inclusion of symptoms in the model, menopause status was no longer significantly related to role-emotional. Despite the significant effect of symptoms, menopause status remained significantly related to reduced functioning for bodily pain (P = 0.01), vitality (P G 0.001), role-physical (P G 0.01), and social functioning (P = 0.04), suggesting that symptoms do not completely explain the changes in HRQL over the menopausal transition for these domains. However, when current and former HT users were removed from the analysis, menopause status was no longer significant for bodily pain and vitality. Table 7 shows the fully adjusted models, which include symptoms and other covariates. In these analyses, menopause status was no longer significantly related to social functioning. Status was still significantly related to bodily pain (P G 0.01), vitality (P G 0.001), and role-physical (P G 0.001). However, again the HT users accounted for the significant effect for pain and vitality. For role-physical, women had significantly greater odds of reporting reduced functioning at late perimenopause and postmenopause than at premenopause ([adjusted OR, 1.46; 95% CI, 1.08-1.99] and [OR, 1.49; 95% CI, 1.09-2.04], respectively).
Across all domains, VMS, urine leakage, arthritis, poor sleep, CES-D Q16, perceived stress, and stressful life events were positively related to reduced HRQL. Depressive symptoms (CES-D Q16) were one of the strongest predictors of reduced functioning on all domains, with ORs ranging from 1.61 for bodily pain and 4.06 for role-emotional. Racial/ ethnic differences were found mostly for the African American and Hispanic women. African American and Hispanic women were both more likely than white women to report reduced functioning for bodily pain and social functioning and less likely to report reduced functioning for role-emotional.
DISCUSSION
These results from SWAN provide 7 years of longitudinal HRQL data for a large cohort of middle-aged women as they experience the menopausal transition. Final results show that after adjustment for a wide range of variables, menopause status is independently related to physical limitations in role functioning, but not in other HRQL domains. In analyses only adjusting for baseline chronological age and time, menopause status was significant for all SF-36 domains assessed with women having greater odds of reduced functioning at early perimenopause, late perimenopause, and postmenopause than when premenopausal. Except for role-physical, the odds of reduced functioning were greatest at early and late perimenopause. However, symptoms that often co-occur with menopause (VMS, vaginal dryness, urine leakage, and poor sleep) accounted for the effect of status (when excluding HT users) on role-emotional, bodily pain, and vitality. With the addition of medical conditions, depression, and stress to the model, the social functioning domain was no longer related to menopause status. These findings highlight the importance of controlling for important covariates in assessing the impact of the menopausal transition on HRQL. However, even controlling for this wide range of variables, late-perimenopausal and postmenopausal women were more likely to report reduced functioning on the role-physical domain than when premenopausal. These findings are consistent with Mishra et al, 22 who found significant declines in the physical health domains of the SF-36 among women who remained perimenopausal for 2 years, compared with women who remained premenopausal. It is possible that these results are due to health problems that may co-occur with menopause and/or aging. Our analyses only included medical conditions that were reported with a high prevalence (ie, arthritis and migraines), and Mishra et al 22 did not include any health variables. A more comprehensive look at comorbidities might explain this effect.
Despite the significant finding for role-physical, it is important to note that the actual changes in HRQL are quite small and may not be meaningful. The unadjusted SF-36 scores shown in Table 2 vary only slightly by menopause status. The percentage of women classified in the reduced functioning percentile increases between premenopause and late perimenopause by only 3.8% for role-physical.
With respect to HT users, our results show that both current and former HT users were more likely to report poor functioning on all domains than were women who never used HT. This was significant for bodily pain, vitality, and rolephysical. Separate SWAN analyses explored HT users in greater depth and did not find that HRQL was related to initiation of HT or that HRQL improved after the initiation of HT. 33 Our results are also consistent with Mishra et al, 22 who found that women taking HT reported greater declines on all aspects of the SF-36 except role-emotional. These findings are somewhat in contrast to research showing that HT users tend to be healthier than nonusers. It is possible that HT users may be healthier by more objective measures (eg, cardiovascular risk factors) but perceive themselves as more impaired. HT users in SWAN did not report more comorbidities. 33 Our findings support the role of symptoms in relation to HRQL. We found that vaginal dryness, urine leakage, poor sleep, and depression were highly related to all SF-36 domains. Results are consistent with our baseline findings 13 and those of Kumari et al, 23 who found that women who experienced VMSs or depression showed significant declines on the SF-36.
Our results for race/ethnicity are generally consistent with our earlier baseline report of premenopausal and early perimenopausal women. 13 We found no effect of race/ethnicity on the role-physical domain when analyses were adjusted for socioeconomic status, health, and social circumstances. Despite adjusting for a wide range of variables, both analyses found significant racial/ethnic group differences for the bodily pain and social functioning domains. African American and particularly Hispanic women reported more bodily pain and reduced social functioning than whites.
Unlike our earlier report, our present analyses found significant race/ethnicity effects for both vitality and roleemotional. African American women were less likely to report reduced vitality than white women. African American, Hispanic, and Japanese women reported less reduced functioning for role-emotional than white women. However, the pattern of results was similar in both analyses, and the statistical differences may be due to a larger N in the present analyses.
There are several limitations to this study. First, SWAN is not composed of a true national probability sample. Women in the cohort had more education, had higher incomes, were less likely to be smokers, and rated themselves higher on perceived health than eligible women who did not enroll. Because the study excluded women with past hysterectomy, bilateral oophorectomy, or recent hormone use, cohort participants were less likely to have already experienced reproductive or perimenopausal problems. Second, the SF-36 has some limitations. The study did not include the SF-36 physical functioning, mental health, and general health perceptions subscales, and the subscales that were included were not administered at every visit. However, this latter limitation should not affect the associations between change in menopause status and HRQL. Although the SF-36 is viewed as a generic quality of life measure and may not tap specific quality of life issues relevant to women over the menopausal transition, it is the most widely used scale and considered appropriate for a healthy population. We should also note that the present study was not designed to determine the effect of HT on HRQL, a question best addressed in a randomized clinical trial. Finally, our analyses only included limited medical conditions, and it is possible that a more comprehensive look at comorbidities would explain the effect of menopause status on role-physical.
CONCLUSIONS
In this large multiethnic cohort of women, we found that changes in HRQL over the menopausal transition were largely explained by symptoms related to menopause and/or aging such as VMSs, vaginal dryness, urine leakage, and trouble sleeping; health conditions such as arthritis; and depressed mood and stress. Our continued follow-up of the SWAN cohort will allow us to determine the HRQL trajectory in the early postmenopausal years.
